SUMMARY: Single nucleotide polymorphisms (SNPs) 1063A/G (Asp299Gly) and 1363C/T (Thr399Ile) in the gene encoding Toll-like receptor 4 (TLR4) increase susceptibility to invasive aspergillosis. However, limited information is available on the prevalence of these SNPs in Japan. Therefore, we surveyed these TLR4 SNPs by using formalin-fixed and paraffin-embedded tissue blocks obtained from autopsies of patients with invasive pulmonary aspergillosis. Tissue samples of approximately 30z patients were included in genomic analysis. However, none of these samples showed the presence of TLR4 Asp299Gly and Thr399Ile polymorphisms. Thus, the present study provided information on the prevalence of TLR4 SNPs in Japanese patients with invasive aspergillosis and indicated that these SNPs played a minor role in increasing the susceptibility of Japanese individuals to invasive aspergillosis.
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Invasive fungal infections in developed countries have increased in frequency because of advances in medical management (1) (2) (3) . In particular, invasive aspergillosis has become more frequent (4, 5) . Therefore, it is necessary to identify individuals at a risk of developing invasive aspergillosis. Previous studies have shown that single nucleotide polymorphisms (SNPs) in the gene encoding Toll-like receptor 4 (TLR4) increase susceptibility to invasive aspergillosis (6) . Although these SNPs have been identified (Asp299Gly [rs4986790] and Thr399Ile [rs4986791]) limited information is available on their prevalence in Japan. To elucidate the prevalence of these SNPs in Japanese patients with invasive aspergillosis, we performed genomic analyses by using formalin-fixed, paraffin-embedded (FFPE) lung tissues obtained from autopsies of patients with invasive pulmonary aspergillosis performed at Toho University Omori Medical Center and Akita University. Patients were selected on the basis of histopathological confirmation of aspergillosis ( Fig. 1) and a positive culture of Aspergillus. After the tissue blocks were cut into proper sized sections, all personal information written on these blocks, except patient age, was removed. The study protocol was approved by the Ethics Committee of the Toho University School of Medicine (approval number: 25075).
First, DNA was extracted from these FFPE tissues. For this, each FFPE tissue block was cut into 4 serial sections of 5-mm thickness by using a microtome, and the sections were placed in 1.5-mL microcentrifuge tubes. The microtome was cleaned thoroughly with absolute ethanol before sectioning the tissue blocks. The tissues were deparaffinized using fresh xylene for 5 min. The tissue samples were centrifuged at 12,000 rpm for 5 min, and the supernatants were removed using a micropipette. These steps were repeated 3 times. The pellets were then rehydrated using absolute ethanol for 5 min. The samples were centrifuged again at 12,000 rpm for 5 min, and the supernatants were removed using a micropipette. These steps were repeated 3 times. The samples were then dried by warming the microcentrifuge tubes in a water bath at 379 C for 5 min and were mixed with 200 mL Aspergillus extraction buffer (1 M Tris-HCl, 0.5z sodium dodecyl sulfate, 25 mM ethylenediaminetetraacetic acid [EDTA], 250 nM NaCl, and H 2 O) and 10 mL 10 mg/mL proteinase K (Nippon Gene Co., Tokyo, Japan). The samples were then incubated overnight at 489 C with mixing. For DNA purification, 200 mL Tris-EDTAsaturated phenol was added to the samples. The samples were then mixed by vortexing and were centrifuged at 12,000 rpm for 3 min. The supernatants were removed using a micropipette and were collected in 1.5-mL microcentrifuge tubes. These steps were repeated 3 times. The supernatants were mixed with 8 mL 5 M NaCl plus 500 mL ethanol and were incubated at -209 C for 2 h. The samples were then centrifuged at 12,000 rpm and at 49 C for 5 min, and the supernatants were removed using a micropipette. Next, 1,000 mL ethanol (chilled at -209 C) was added to the samples. The samples were centrifuged again at 12,000 rpm and 49 C for 20 min, and the supernatants were removed us- 
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Genomic Analysis Regarding Invasive Aspergillosis ing a micropipette. The samples were dried by warming the microcentrifuge tubes in a water bath at 379 C for 5 min, and the resultant pellets were resuspended in 30 mL Tris-EDTA (pH 8). PCR primers used in this study were synthesized and purified by FASMAC Co. Ltd. (Kanagawa, Japan). The following PCR primers were used: (1) TLR4 Asp299Gly, forward 5′ -TGAAGA ATTCCGATTAGCATACTTAGA-3′and reverse 5′ -TGTGGGAAACGTTCCAAATTTACA-3′ and (2) TLR4 Thr399Ile, forward 5′ -TGAGTTTCAAAGGTT GCTGTTCTC-3′ and reverse 5′ -AGGAATACTGAAA ACTCACTCATTTGTT-3′ . The suitability of the DNA for PCR was assessed by amplifying the constitutively expressed b-globin gene by using the following primers: forward 5′ -ACACAACTGTGTTCACTAGC-3′ and reverse 5′ -CAACTTCATCCACGTTCACC-3′ . PCR was performed in 0.2-mL PCR tubes by using a thermocycler. Each 50-mL PCR mixture included 1.5 mL MgCl 2 , 1 mL dNTPs, 1 mL forward and reverse primers (20 pmol/mL each), 0.25 mL iTaq polymerase, 2 mL DNA template (sample), and sterile water. Amplification was performed using the following protocol: hot start at 989 C for 2 min, followed by 40 cycles of denaturation at 949 C for 10 s, annealing at 609 C for 15 s, and extension at 689 C for 1 min. After amplification, 10 mL of the reaction mixture was electrophoresed on ethidium bromide-containing 2z agarose gels, and the amplified products were visualized by UV transillumination.
To confirm the presence of TLR4 Asp299Gly and Thr399Ile polymorphisms, the PCR products were sequenced directly by using an automated DNA sequencer (Applied Biosystems, Hitachi Ltd., Tokyo, Japan). We also investigated genotype data from the International HapMap Project (http://hapmap.ncbi.nlm.nih.gov/ cgi-perl/gbrowse/hapmap27_B36/) (7, 8) to determine the frequencies of TLR4 Asp299Gly and Thr399Ile polymorphisms in Japan by using the search terms rs4986790' and`rs4986791', respectively. The obtained results were compared with our results. Finally, we conducted genomic analysis of lung tissue samples from 27 patients with invasive pulmonary aspergillosis whose ages ranged from 6 to 85 years (mean ± standard deviation: 62 ± 18.8 years). The b-globin gene was detected in the lung tissue samples of 10 patients, indicating that DNA from the FFPE lung tissues of only these patients was suitable for PCR amplification. Of these 10 patients, 9 patients had the TLR4 Asp299Gly polymorphism and 8 patients had the PCR products for b-globin were obtained from 10 of 27 patients, which meant DNA was suitable for PCR amplification only in 10 patients. Among these 10 patients, PCR products to detect Tolllike receptor 4 (TLR4) single nucleotide polymorphism (SNP) Asp299Gly were obtained from 9 patients while PCR products to detect TLR4 SNP Thr399Ile were obtained from 8 patients. The products for Asp299Gly and Thr399Ile were subjected to subsequent DNA sequencing, but no SNPs were found in the present study. FFPE, formalin-fixed and paraffin-embedded; TLR, Toll like receptor; A/A, AA homozygote; C/C, CC homozygote; NA, Not available in the present study.
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TLR4 Thr399Ile polymorphism. PCR products containing the Asp299Gly (n ＝ 9) and Thr399Ile (n ＝ 8) polymorphisms were sequenced. However, DNA sequencing of these PCR products did not show the presence of these SNPs. These results have been summarized in Table 1 . Analysis of the genotype data from the International HapMap Project in August 2014 indicated that the prevalence of these TLR4 SNPs was 0z (Asp299Gly: 0/45; Thr399Ile: 0/45) in Japanese individuals. Thus, the absence of TLR4 Asp299Gly and Thr399Ile polymorphisms in our study is consistent with that observed in the genotype data of Japanese individuals obtained from the International HapMap Project. Thus, the present study provided some insight on the prevalence of TLR4 Asp299Gly and Thr399Ile polymorphisms in Japanese patients with invasive aspergillosis and indicated that these SNPs played a minor role in increasing the susceptibility of Japanese individuals to invasive aspergillosis.
